INTRODUCTION
In tropical regions there is almost constant occurrence of temperatures above the thermo neutral environment of humans and animals, consequently this causes an increase in energy demand for air cooling besides environmental impacts for its generation.
The roof is one of the constructive components with the greatest influence on the conditions of the internal environment of a building (Cardoso et al., 2011) . According to Baêta & Souza (2010) , the use of shelters with suitable roof's materials can promote a reduction of up to 30% of the radiant thermal load.
The building high cost on a natural scale for the knowledge of new technologies often makes research impossible to be conducted. In this sense, the use of reduced models allows to test several configurations in a more agile way, with reduction of the constructive costs and space. This is a widely used tool in engineering, but its application requires that reduced models and prototypes behave significantly equal.
Green roofs have been evaluated in various conditions around the world, indicating that this technology adds layers of insulation, slows the flow of heat through the vegetation cover, helps in reducing the heat islands in urban areas (Terezo et al., 2014) , reduces rainwater runoff (Tassi et al., 2014; Santos et al., 2013) and even provides a reduction of air pollution (Gartland, 2010) . Spolek (2008) reports that green roofs show a high decrease in heat transfer compared to conventional roofs, whose conclusion was made after a short study. However, Pérez et al. (2015) comment on the need for greater observation time regarding the use of this technique.
Expanded clay is a ceramic material with potential for thermal insulation, presents low density and is formed by an alveolar core produced by the burning of natural clay at high temperatures. It is most commonly used in lightweight concrete walls as reported by Sacht et al. (2010) , however its use to increase thermal inertia in roofs is almost non-existent.
The importance of human and animal thermal comfort are shown on studies, among them those made by Carneiro et al. (2015) , Fagianelli et al. (2014) ; Santos et al. (2014) ; Tassi et al. (2014) ; Jentzsch et al. (2013) , Melo et al. (2013) , and Passini et al. (2013) .
By the exposed, the objective of this study was to evaluate the thermal comfort between prototypes in scale models and reduced size, using vegetation cover and expanded clay as an increase in thermal inertia, as well as to verify the similitude between the buildings in the indication of thermal comfort and air temperature indexes.
MATERIAL AND METHODS
This study was carried out in the Construction and Ambience Area of the Center of Agroveterinary Sciences (CAV) of the Santa Catarina State University (UDESC) in the city of Lages/SC, which has the following geographic coordinates: latitude 27°49' South, longitude of 50°20' West and altitude of 940 m. The predominant climate of the region, according to the KÖPPEN classification is Cfb (mesothermic constantly humid with mild summer), with rainy periods mainly in the summer. Its location is surrounded by plateaus, with moderate and predominant winds in the northeast direction.
The region has two well defined seasons, one with a mild to warm summer between November and March, characterized by well distributed rainfall, average relative humidity of 77% and average maximum temperature of 25.1°C, and another one cold in the winter between May and August, prevailing cold winds, certain frequency rains, average relative humidity of 82% and average minimum temperature of 7.7 °C.
In order to compare the coverages and the similitude criteria, two prototypes were constructed in natural scale (1:1) and two models in reduction scale (1:2), geometrically similar model class (Murphy, 1950) , supported in Wood Frame structure.
According to the SINAT Directive 005 (Ministry of Cities -National Secretariat of Housing, 2011), the Wood Frame System has as main characteristic to be structured by pieces of solid cut lumber, denominated frames and closings in thin plates, providing structural support for the coverage, producing a quick and lightweight construction system.
The dimensions of the prototype were of the order of 2.44 m for width and length (5.95 m² of exposed roof) and 2.37 m of height. The dimensions of the reduced model were of the order of 1.22 m for width and length (1.48 m² of exposed roof, corresponding ¼ of the prototype) and height of 1.18 m, as shown in figure 1C and 1D respectively.
In the manufacture of the walls, floors and openings, panels of 15 mm thick of plywood and cut lumber with dimensions of 30 x 120 mm were used, which were painted in frosted white to avoid absorption of rainwater and increase durability.
At the substructure, six logs of treated Eucalyptus sp, with 0.25 m in diameter and 0.73 m in height were used, which were buried in the ground and concreted their base, in order to support the lower beams and to maintain the prototypes and models at 0.30 m above ground level. FIGURE 1. Drawings of the prototype in natural scale and the model in reduction scale: perspective drawing of the prototype (A); quoted drawing in perspective of the prototype (B); cross-section of the prototype (C) and cross-section of the reduced model (D).
The roofs of the prototypes and of the models were constituted of expanded clay and vegetation and configured according to the following description: Prototype with coverage of expanded Clay (PC); Prototype with Vegetation cover (PV); Model with expanded Clay cover (MC) and Model with Vegetation cover (MV). The inclination of the roofs of both prototypes and the models was of 1%, oriented in 7º in the transversal direction, aiming at the maximum incidence of the solar rays on the roofs.
The vegetated cover was composed of the following layers: in the first one was used a black plastic canvas of 15μm thickness; in the second geotextile blanket of bidim type; and in the third substrate of soil with humus enclosed in tray with bottom of PET bottle, whose purpose was to contain the substrate and the last layer, by plant seedlings. These were chosen according to the following criteria: species with high resistance to water stress and high relative humidity, low maintenance, easy of acquisition and market availability, opting for grasses ("evergreen-grass").
In the preparation of the coverage with expanded clay, a 15μm black plastic canvas was used in the first layer, followed by expanded clay of varied granulometry (average of 20 mm in diameter), forming a lining with a thickness of 0.06 m.
The data were collected from March / 2013 to December / 2014, only on days with solar insolation, and the data were collected at intervals from 9 am to 6 pm in the internal and external environment of the buildings. There was no air circulation inside the prototypes and models, as the entrance door remained closed during the period of registration of the measures of interest. In order to compare the thermal indexes, the design was completely randomized, with the repetitions being hourly measurements. The analysis of variance (ANOVA) was used by the F test and Tukey's test at 5% probability to compare the means using the Sisvar ® software. The readings were stored in a database referring to the green roof, expanded clay and the external environment, the latter considered the control.
RESULTS AND DISCUSSION
The averages' test for the evaluated thermal indexes and air temperature is shown in Table 1 . Means followed by the same letter in the columns do not differ from each other by the Tukey test at 5% probability. PC -prototype with expanded clay coverage; PV -prototype with vegetation coverage; MC -model with expanded clay coverage; MV -model with vegetation coverage; EE -external environment; CV -Coefficient of Variance.
Regarding the BGHI, considering that between 74 and 77 indicates a comfort condition, below 74 indicates cold stress and above 77 a heat stress, it can be seen from Table 1 that the averages of the external environment presented statistical differences in relation to the prototypes or models. It is still noticeable that the average of all treatments for BGHI presents cold stress, but presented less marked thermal sensations than those found in the external environment.
Regarding the ET, between 18.9 and 25.6ºC is suggested a zone of thermal comfort, and the human body (adult people dressed at rest and with a slight movement of the air) presents conditions of stress to the cold and the heat under ET below the minimum and above the maximum, respectively (Thom, 1958) . The prototypes and the models averages found showed thermal comfort sensations, while in the external environment, the condition of discomfort.
Regarding the HDI, it was observed that the average values of the treatments showed the desired values of the thermal comfort sensation, since the HDI ranges related to the thermal comfort conditions felt by the people are: HDI> 80 (heat stress), HDI <55 (cold stress), 60 <HDI <75 (comfortable) (Ono & Kawamura, 1991) .
The mean values Tair were for PV = 20.86 ºC; MV = 20.63; PC = 20.84 ° C and MC = 20.37 ° C, while in the external environment it was 20.01 ° C, differences of 0.85; 0.62; 0.83; and 0.36 ºC, respectively. It can be considered low, this fact can be explained by the absence of air currents within the prototypes and models, that is, the heat exchanges with the environment become slower. Figure 2 shows the comfort zones and mean variations of BGHI, ET, HDI and RTL in each month over the study period. As for the BGHI, it is observed that in the majority of the time, the coverages did not provide thermal comfort due to heat and cold. It emphasizes the occurrence of thermal delay for cooling in the prototypes due to the greater amount of mass inside, that is, prototypes and models maintains the same tendency of temperatures, as well as the sensitivity of the index in front of the others in the indication of thermal discomfort. Carneiro et al. (2015) in the period from March/14 to May/14 obtained higher rates for BGHI in the conditions of predominant megathermic climate (As'), with average values of BGHI for the green roofs of 78. Cardoso et al. (2011) evaluating the roofing conditions made with alternative materials (aluminized reciplac and Tetra Pak recycle) compared to clay roofing under hot conditions and with the use of similitude theory, it was generally observed that there was similarity between the results. They concluded that in the hottest period of the day, the best conditions were associated with the mud cover.
It is also possible to observe in the BGHI chart the difference between observed and the required value for thermal comfort. This is due to the concept of "black body radiation", in which every body emits and absorbs radiation at ambient temperatures, that is, the lower the body temperature the smaller the amount of radiation it emits. In addition, the temperatures in the winter months are lower; this affects the amount of radiation that the black globe captures, reducing the thermal comfort inside the buildings. This is due to the long wave of radiation emitted by the green roofs, which is inferior to the one emitted by the conventional opaque surfaces, that is, as the vegetated surfaces absorb part of the solar radiation, they make difficult the passage of this one to the inferior surfaces, diminishing the elevation of the temperature in the cold months (Baêta & Souza, 2010) .
The ET values suggest a situation of thermal comfort due to heat, especially in the hottest months. In the cold months, cold stress conditions are noted, with temperatures below 18.9 ° C. This index is widely used in the identification of heat islands in cities and human discomfort (Santos Júnior et al., 2016; Peixoto et al., 2012) .
For the HDI, it was observed that, in the great majority of the time, there was thermal comfort in the prototypes and models, however only in the extreme conditions of heat and cold, it was observed conditions of stress. Santos et al. (2014) Oliveira Júnior et al. (2015) describe that the discomfort index can be applied in thermal comfort assessments, more common in human work environments, but can be applied in animal production facilities, in which the parameters must be adjusted according to the animal to be evaluated.
For the RTL values, very close conditions between prototypes and models could be verify, with low coefficient of variation. For all the indexes, it was the only that presented the lowest variability, showing that the thermal inertia of the roofs was similar. Silva et al. (2015) evaluating the thermal performance of roofs (ceramic tile, aluminum tile and asphalt fiber) in reduced models (1:10) directed to poultry houses, found a mean RTL of 453.09, 459.39 and 457.86 W.m -2 for ceramic tile, aluminum tile and asphalt vegetal fiber tile, respectively, that is, an average variation of only 6.3 W.m -2 . Castro et al. (2017) evaluating the use of different cover combinations (ceramic tiles and white painted fiber cement, associated with polypropylene linings and thermoreflective fabric) in reduced models of animal production facilities based on thermal comfort indexes. They were verified that the maximum radiation's thermal loud occurred near at 2 pm (515.36 to 573.36 W.m -2 ), being the best treatment formed by fiber-cement tile with specific polypropylene lining under cover. The worst treatment was formed by fiber-cement tile with thermo-reflective screen on the tiles (544.05 W.m -2 ). As for similitude and directed to the indexes evaluated, the relationship between prototypes and models remained statistically the same for the reduction scale 1:2. This is an applicable concept for modeling trials in engineering, that is, a model is said to have similitude to the actual application, if the two share geometric, kinematics and dynamics similitude.
Similar results were obtained by Jentzsch et al. (2013) , who analyzing all variables together did not find significant differences between the measurements of the prototype with the reduced model, commenting further that these thermal variations during a day in the prototypes did not vary until the reduction of 1:2 for the model. The same author, analyzing different reduction scales for models with asbestos cement coverage on 10 days of summer, found that all BGHI values were favorable to thermal comfort, indicating that there are no differences between BGHI among models and prototypes when the coverage used is the same in both buildings.
CONCLUSIONS
The prototypes in the natural scale 1:1 and reduced models in the 1:2 scale showed similitude for the thermal comfort indexes evaluated, presenting no statistical differences between them. The BGHI was the one that showed the greatest rigor in the indication of thermal comfort, covering a small range, while the ET presented an intermediate condition of thermal comfort. The roofs provided conditions of thermal comfort in a wider range measured by the HDI, except in the extreme months of temperatures. The RTL showed similar behavior between prototypes and models, with low coefficient of variation. The incidence of solar radiation in the coverage led to an increase in the internal air temperature (Tair) and this mass of hot air not being dissipated by the wind currents provided the thermal increase in the prototypes and models. Observing all the indexes simultaneously, it is noticed that the month of January was the one that gave the worse conditions against the heat, where as the months of June and July presented the worse conditions against the cold.
